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REMARKS 

With this amendment, Claims 10-17, 20 and 21 are pending. Claims 10- 
14 are cancelled without prejudice to subsequent revival. Claims 17, 20 and 21 are 
withdrawn by the Examiner as allegedly being outside the scope of the originally elected 
invention. Applicants respectfully traverse this withdrawal. Claims 15 and 16 are 
rejected. For convenience, the Examiner's rejections are addressed in the order presented 
in the December 18, 2002 Office Action. 

L Status of the Claims 

Claims 15 and 16 are currently under examination and are rejected. 
Applicants also traverse the restriction requirement imposed by the Examiner and assert 
that claims 17, 20 and 21, which depend on claim 15, should also be under examination. 

Claim 17 has been amended to recite that the candidate bioactive agent is 
a member of a library of candidate bioactive agents and the cell is a member of a plurality 
of cells. Support for this amendment is found, for example, at page 3, lines 22-24 and 
page 24 line 18 through page 25, line 7. This amendment adds no new matter. 

Claim 20 has been amended to recite further comprising determining the 
acitivty of the ROlOl protein in the presence of the candidate bioactive agent. Support 
for this amendment is found, for example, at page 3, lines 19-22. This amendment adds 
no new matter. 

11. E lection/Restriction 

The Examiner alleges that claims 17, 20, and 21 are directed to inventions 
that are independent or distinct fi-om the originally claimed invention, Le., Group I, and 
has thus restricted claims 17, 20, and 21 and withdrawn them from prosecution. 
Applicants respectfully traverse the restriction. 
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Elected Group I is directed to a method of screening for a bioactive agent 
that is capable of binding to cell cycle protein ROlOl and is represented by claims 15 and 
16, currently under examination. In order for claimed inventions to be independent, the 
inventions must not be connected in design, operation, or effect under the disclosure of 
the application under consideration. MPEP 802.01. In order for claimed inventions to be 
distinct, the inventions must not be patentable over each other. MPEP 802.01 . 

The Office Action asserts that claims 17, 20 and 21 are "outside the 
limitations of Claims 15 and 16" (page 2). Applicants point out that each of Claims 17, 
20 and 21 depend from Claim 15, thereby comprising all of the limitations of this 
independent claim. Claim 15 describes a method comprising 2 steps; the "comprising" 
provides that any procedure having these two steps, regardless of how many other steps 
are involved, is encompassed by this claim. Therefore, claims 17, 20 and 21 cannot be 
outside the limitations of Claim 15. 

The Office Action alleges that claim 17 is drawn to a method comprising 
steps that are not required to screening for a bioactive agent that binds to cell cycle 
protein ROlOl, essentially the subject matter of elected Group 1. Applicants respectfully 
point out that claim 17, like claim 16, depends on claim 15 and is directed to the method 
of claim 15 done using multiple bioactive agents (i.e., a library of bioactive agents) at the 
' same time. Thus, claim 17 and claims 15 and 16 share design, operation, and effect and 
are not independent. 

The Office Action alleges that claim 20 is outside the scope if the elected 
group and thus is separate and distinct from claims 15 and 16. Applicants respectfully 
point out that claim 20, like claim 16, depends on claim 15 and is directed to the method 
of method of claim 15 done with the additional step of determining the activity of ROlOl 
in the presence of a candidate bioactive agent. One of the activities of the claimed cell 
cycle protein is binding to PCNA. (Specification at page 31, lines 11-15.) A functional 
binding relationship between ROlOl and PCNA is a limitation of claim 15. Thus, the 
differences in design between the claims are neghgible and claims 15 and 20 have the 
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same operation and effect, i.e., determining binding of the bioactive agent to the cell 
cycle protein ROIOI. 

The Office Action alleges that claim 21 is outside the scope if the elected 
group and thus is separate and distinct from claims 15 and 16. The Office Action further 
alleges that claim 21 reads on a method of making a composition per se. Applicants 
respectfully traverse and remind the Examiner that a dependent claim is construed to 
include all the limitations of the claim incorporated by reference into the dependent 
claim. AppUcants respectfully point out that claim 21, like claim 16, depends on claim 
15 and is thus also directed to a method for screening a bioactive agent capable of 
binding to the cell cycle protein ROIOL There is no limitation in claim 21 to suggest that 
a method of making a composition is being claimed. Claim 21 is directed to the method 
of claim 15 done in the presence of PCNA. A functional binding relationship between 
ROlOl and PCNA is a limitation of claim 15. Thus, the differences in design between the 
claims are negligible and claims 15 and 21 have the same operation and effect, i.e., 
determining binding of the bioactive agent to the cell cycle protein ROlOl . 

If Claim 15 is patentable, claims 17, 20 and 21 are necessarily also 
patentable. However, since claims 17, 20 and 21 are species of claim 15, claim 15 cannot 
be patentable over any of claims 17, 20 and 21. Furthermore, as discussed above, the 
examined and excluded claims are connected in connected in design, operation, and 
effect because they necessarily comprise identical steps. Claims 17, 20 and 21 are not 
independent and distinct from claim 15 and the exclusion of claims 17, 20 and 20 from 
prosecution in the present case is inconsistent with the rules set forth in MPEP 802.01. 
Therefore, Applicants respectfully request inclusion of claims 17, 20 and 21 in the 
prosecution of the present application, 

III. Information Disclosure Statement 

According to the Examiner, the original IDS filed on June 2, 2002 fails to 
comply with 37 C.F.R. L98(a)(2) because the statement and the appended references are 
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illegible. Applicants enclose new copies of the IDS and submitted references and 
respectfully request that the Examiner consider them. 

IV. Rejection under 35 U.S.C, §101 

Claims 15 and 16 are rejected under 35 U.S.C. §101 for allegedly lacking 
specific, substantial, or credible utility. Applicants respectfully traverse. 

The essential basis of this rejection is the assertion that the protein ROlOl, 
as described in the present specification is "an "orphan protein" . . . whose cDNA has 
been isolated because of its similarity to known proteins." (page 4 of the Office Action) 
Applicants respectfully remind the Examiner that the specification must be taken as a 
whole for what it teaches. While the specification does show certain sequence 
similarities to other proteins (e.g., Fig. 2B), this is far fi-om the extent of characterization 
of biological significance of ROlOl provided. For example, ROlOl is shown to be 
overexpressed in cancer tissue as compared to normal tissue (Fig. 5). ROlOl is localized 
in the nucleus (Fig. 4). ROlOl binds PCNA (Figs. 6, 7 and 8;), a well-known cell cycle 
modulating protein (see, e.g., Kelman, Oncogene 14:629-640 (1997), submitted as 
Exhibit A with Applicants' response filed 9/10/01) and such binding is dependent on an 
identified region of the rOlOl protein (Figs. 7 and 8). And, ROlOl competes for binding 
to PCNA with p21 (Figs. 6 and 8), also a well known cell cycle modulating protein 
whose cell cycle modulating activity is known to involve interacting with PCNA (see, 
e.g., Kelman, page 637, first full paragraph). Applicants reiterate that the Kelman 
reference is only provided as an example of what was of general knowledge in the art. 

Unfortunately, the above facts are in direct contradiction to statements 
made in the Office Action. For example, "neither the specification nor the art of record 
idenfifies even a single disease or disorder that has been shown to be associated with cell 
cycle protein ROlOl". (page 5) In fact, the present specification shows to one of 
ordinary skill in the art that ROlOl is associated with breast cancer, uterine cancer, 
cervical cancer, brain cancer, kidney cancer, liver cancer, lung cancer, esophageal cancer 
and rectal cancer (Fig. 5). The Office Acfion also asserts that ". . . the cell cycle protein 
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ROlOl of the instant invention has not been shown to be associated with a particular 
physiological process that an artisan would wish to manipulate for assaying bioactive 
agents for identification of compounds which bind thereto." (page 6) In fact, 
overexpression of ROlOl in the various cancers described above make this an obvious 
target for identifying agents that bind thereto for diagnostic purposes. ROlOl 's 
interference with the known binding of PCNA and p21 provides another obvious reason 
for the presently claimed screens. Furthermore, the overexpression in cancers, 
localization to the nucleus and interaction with PCNA and p21 disclosed in the present 
specification provides ample suggestion to the skilled artisan that ROlOl is directly 
involved cell cycle regulation. Applicants submit that the present specification should be 
considered as a whole with regard to the utility of the claimed invention, as fiirther 
described below. 

The Applicants assert that the present invention, methods for screening for 
a bioactive agent capable of binding to the cell cycle protein ROlOl, has utility. 
Applicants bring to the Examiner's attention evidence within the specification that ROlOl 
expression is increased in certain cancers. The claimed screening methods have utility 
because they make possible the routine identification of bioactive agents that bind to 
ROlOl protein, i.e., for the diagnosis of, or prognostic evaluation of cancer. With this 
amendment, AppUcants include an expert declaration under 37 C.F.R. § 1.132 by Dr. 
Yasumichi Hitoshi explaining that one of skill in the art would recognize the utility of the 
invention claimed in the present application. In addition Applicants attach a peer- 
reviewed pubUcation by the inventors describing the use of ROlOl as a prognostic or 
diagnostic indicator of certain cancers. (Exhibit A, Yu, et aL, Oncogene 20:484-489 
(2001)). 

A. Introduction 

According to the MPEP, in order to assess utility, the Examiner should 
review the specification to determine if there are any statements asserting that the 
claimed invention is useful for any particular purpose. An invention has utility if the 
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utility is specific, substantial and credible. A utility is specific if it is specific to the 
subject matter claimed. A utility is substantial if it has a real-world use. A utility is 
credible if it would be believable to one of skill in the art. In most cases, an applicant's 
assertion of utility creates a presumption of utility that is sufficient to satisfy the utility 
requirement of 35 U.S.C. § 101. 

With regard to utility of inventions with pharmacological utility, "... a 
disclosure that identifies a particular biological activity of a compound and explains how 
that activity can be utilized in a particular therapeutic application of the compound does 
contain an assertion of specific and substantial utility for the invention." MPEP 
2107.02IIA. In addition, ". . .evidence of pharmacological or other biological activity of 
a compound will be relevant to an asserted therapeutic use if there is a reasonable 
correlation between the activity in question and the asserted utility." MPEP 2107.031, 
citing Cross v. lizuka, 753 F.2d 1040, 224 USPQ 739 (Fed. Cir, 1985). For molecules 
that have a demonstrated utility for diagnosis or prognosis of a particular disease, 
methods to identify materials useful to diagnose the disease, (e.g., materials that bind to 
the molecule), also have utility. See e.g.. Revised Interim Utihty Guideline Training 
Materials, Example 12, page 69-70. y 

A prima facie showing of lack of utility by the Examiner must estabUsh 
that it is more likely than not that a person of ordinary skill in the art would not consider 
that any utility asserted by the applicant would be specific and substantial. The present 
application claims methods for screening for a bioactive agent capable of binding to the 
cell cycle protein ROlOl . After reading the application, the skilled practitioner would 
appreciate that ROlOl modulates known cell cycle proteins and has increased expression 
in certain cancers. In addition, the skilled practitioner would (1) know how to routinely 
identify bioactive agents that bind to ROlOl using the claimed methods, and (2) 
understand that bioactive agents that bind to ROlOl are useful for diagnostic and 
prognostic tests for certain cancers. 
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B. Examiner's rejections 

In the December 18, 2002 Office Action, the Examiner alleges that the 
instant specification fails to describe the practical utility of the claimed invention. 
According to the Examiner, there is no evidence showing that the ROlOl protein has a 
biological role or what that role might be. Specifically, the Examiner alleges that neither 
the specification nor the art of record shows that cell cycle protein RlOl is associated 
with a single disease or disorder. In addition, the Examiner alleges that Applicants have 
not presented evidence of natural ligands or biological significance of the ROlOl protein 
and therefore there is no patentable use for the protein. 

Applicants respectfully traverse. The specification provides both an 
association between ROlOl and cancer and natural Hgand for the protein. In addition, In 
a Declaration under 37 C.F.R. § 1.132, submitted herewith, Dr. Yasumichi Hitoshi 
explains that the ROlOl protein has a physiological role and function, and is 
overexpressed and therefore, associated with specific cancers. The ROlOl protein binds 
to the PCNA protein, which has a well-established function in DNA synthesis. The 
ROlOl protein is also overexpressed in specific cancers (see attached declaration and 
Figure 5 of the specification). Furthermore, Dr. Hitoshi explains that because the ROlOl 
protein has the asserted association with specific cancers, methods to identify bioactive 
agents that bind to ROlOl are useful. According to Dr. Hitoshi, bioactive agents that bind 
to ROlOl are useful for diagnosis and prognostic evaluation of specific cancers. 

Applicants, therefore, submit that the methods have a specific, substantial 
and credible utility. 

C ROlOl is a cell cycle protein that has increased expression in certain 
cancers and is associated with certain cancers. 

In the Office Action the Examiner alleges that neither the specification nor 
the art of record shows that cell cycle protein ROlOl is associated with a single disease or 
disorder. Applicants respectfully traverse the allegation and assert that the specification 
as filed discloses an association between cell cycle protein ROlOl and the disease cancer. 
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Figure 5 of the application shows that ROlOl exhibits elevated expression in certain 
cancers relative to non-cancer cells from the same tissues, e.g., esophageal cancer, breast 
cancer, uterine cancer, cervical cancer, brain cancer, kidney cancer, and lung cancer. The 
attached declaration of Dr. Hitoshi demonstrates that the skilled practitioner, after reading 
the present specification, including Figure 5, would believe increased levels of ROlOl are 
associated with certain cancers, e.g., esophageal cancer, breast cancer, uterine cancer, 
cervical cancer, brain cancer, kidney cancer, and lung cancer. In addition Applicants 
attach a peer-reviewed pubUcation by the inventors describing the use of ROlOl as a 
prognostic or diagnostic indicator of certain cancers. (Exhibit A, Yu, et al. Oncogene 
20:484-489 (2001)). 

D. The physiological role of RlOl is to bind to PCNA protein. 

In the Office Action the Examiner alleges that Applicants have not 
presented evidence of natural hgands of ROlOl. Applicants respectfiiUy traverse the 
allegation and assert that the specification as filed discloses that the PCNA protein, which 
has a well-known role in DNA synthesis, is a ligand for cell cycle protein ROlOl . Figure 
6 shows that ROlOl binds to PCNA in cells and moreover, that ROlOl competes with p21 
for binding to PCNA. P21 is another protein with a recognized role in the cell cycle and 
an association with certain cancers. ROlOl binding to PCNA occurs through a conserved 
PCNA binding domain. (See, e.g., figure 2b, plSPAF and ROlOl are used 
interchangeably and refer to the same protein.) In addition, the ROlOl binding to PCNA 
is specific and can be eliminated by specific mutations of the ROlOl protein. (See, e.g.. 
Figure 7.) The attached declaration of Dr. Hitoshi demonstrates that the skilled 
practitioner, after reading the present specification, including Figures 2, 6, and 7, would 
believe that cell cycle protein ROlOl binds to PCNA, a known DNA synthesis protein. 
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E. Because cell cycle protein ROW] has utilty, methods to identify bioactive 
agent that bind to ROlOl also have utility. 

Because of the overexpression of ROlOl in certain cancers, one of skill in 
the art would recognize that bioactive agents that bind to ROlOl are useful. For example, 
one of skill in the art would expect that bioactive agents that bind to a protein known to 
be overexpressed in certain cancers, as is ROlOl, would be useful as an indicator of the 
level of the protein and therefore as a diagnostic or prognostic indicator of those cancers. 
The declaration by Dr. Yasumichi Hitoshi explains that one of skill in the art would 
recognize that bioactive agents that bind to ROlOl are useful as a diagnostic or prognostic 
indicator of certain cancers. 

F. After reading the present application, the skilled practitioner would know 
how to identify bioactive agents that bind to ROlOl. 

Methods to determine molecules that bind to a protein are known to those 
of skill in the art. Applicants have isolated a nucleic acid that encodes the ROlOl protein 
and provide both the nucleic acid (z.e., SEQ ID N0:1) and the encoded amino acid {i.e., 
SEQ ID N0:2.) Applicants also provide description of bioactive agents at page 23, line 
33 through page 27, line 26. Applicants further provide methods determine binding to 
ROlOl and to screen for bioactive agents that bind to ROlOl at page 27, line 31 through 
page 31, line 32. 

G. Identification of bioactive agents that bind to ROlOl is useful for 
modulating cell proliferation and for identifying new targets for diagnosis and treatment 
of cancer. 

There are many instances where binding of an agent to a particular protein 
is useful for diagnosis, determination of prognosis, or treatment of cancer even though 
the protein itself may not cause cancer. Bioactive agents that bind to proteins that are 
overexpressed in certain cancers can be used to diagnose the cancer or provide prognostic 
information about the disease, without a direct connection to the cause of the disease. 
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For example, p21, a tumor suppressor, is overexpressed in some esophageal cancers and 
serves as a prognostic indicator of increased patient survival. (See Natsugoe et aL, 
Clinical Cancer Research, 5:2445-2449 (September, 1999), attached as Exhibit B). Also, 
prostate specific antigen (PSA) serves a as useful diagnostic indicator for prostate cancer, 
even though a direct causal relationship between expression of the protein and the disease 
ha not been shovra. Thus, providing a prognostic or diagnostic test for a particular cancer 
is useful, even if the original cause of the cancer is unrelated to the protein targeted for 
diagnostic or prognostic information. Similarly, it is perfectly reasonable to expect that 
the identification of bioactive agents that bind to RO 101, a cell cycle protein that is highly 
expressed in some cancers, is an appropriate strategy to identify specific diagnostic or 
prognostic tools for certain cancers. 

H, The demonstration that ROlOl is overexpressed in certain cancers, 
coupled with methods for identifying bioactive agents that bind to ROlOl and the level of 
skill in the art is sufficient to provide specific, substantial and credible utility for the 
claimed methods. 



overexpressed in certain cancers, coupled with the methods disclosed in the specification 
and the level of skill in the art of ion channels, is sufficient to demonstrate specific, 
substantial and credible utility. 



utility is defined by the MPEP as a utility that is specific to the subject matter claimed. 
The MPEP explains that applications show sufficient specific utility when applicants 
disclose a "specific biological activity" and reasonably correlate that activity to a "disease 
condition." MPEP 2107.01, 2107.02. In this application. Applicant disclose a "disease 
condition", i.e., esophageal cancer, breast cancer, uterine cancer, cervical cancer, brain 
cancer, kidney cancer, and lung cancer, that correlate with a increased expression of 
ROlOl. This appUcation also demonstrates that ROlOl binds to PCNA, a known cancer 



Applicants maintain that the demonstration that the ROlOl is 



Specific utility 

Applicants assert that the present invention has a specific utility. Specific 
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associated protein. This application provides methods of identifying bioactive agents that 
bind to ROlOl for use as a diagnostic or prognostic indicator of the disease. Applicants 
therefore submit that the present invention has a specific utility, e.g,, identification of 
bioactive agents that bind to ROlOl protein for diagnosis or prognostic evaluation of 
cancer. 

Substantial utility 

Applicants also assert that the present invention has a substantial or "real 
world" use. This application provides nucleic acids that encode ROlOl protein. The 
application also demonstrates that ROlOl is overexpressed in specific cancers. This 
application therefore has real world use in the cancer diagnosis and evaluation of 
prognosis. Throughout the specification, Applicants teach how to identify bioactive 
agents that bind to ROlOl and how to use the bioactive agents. Applicants therefore 
submit that the present invention has a substantial utility, e.g., the identification of 
bioactive agents that bind to ROlOl, useful for diagnostic or prognostic testing of specific 
cancers. 

Credible utility 

Finally, Applicants assert that the present invention has a credible utility. 
According to the MPEP, when an applicant has specifically asserted that an invention has 
a particular utility, that assertion cannot simply be dismissed by Office Personnel as 
being "wrong," even when there is reason to believe that the assertion is not entirely 
accurate. Rather Office Personnel must determine if the assertion of utility is credible, 
{i.e., whether the assertion of utility is believable to a person of ordinary skill in the art 
based on the totaHty of the evidence and reasoning provided) MPEP 2107.02 III B. 
Applicants submit that one of skill in the art after reading this application would (a) know 
how to identify bioactive agents that bind to ROlOl (b) know how to use those bioactive 
agents that bind to ROlOl for diagnostic or prognostic evaluation of specific cancers. 

Accordingly, The Applicant respectfully requests that the utihty rejection 
under 35 U.S.C. § 101 be withdrawn. 



• 
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V. Rejection Under 35 U.S.C. §112, First Paragraph, Enablement 



Claims 15 and 16 are rejected as not being enabled since the invention is 



allegedly not supported by either a clear asserted utility or a well established utility. 
Applicants respectfully traverse the rejection. As described above, the invention claimed 
in the present application is supported by a specific, substantial, and credible utility. The 
Office Action also asserts that there is no known activity corresponding with ROIOI. 
Applicants traverse the rejection and reiterate that the specification provides an activity 
for ROlOl in binding to PCNA. In addition, the application discloses an association 
between ROlOl and specific cancers. Finally, the specification provides methods of 
identif>dng the bioactive agents that bind to ROlOl and methods of using those agents. 
(See, e,g., specification at page 27, line 31 through page 31, line 32, page 40 line 19 
through page 53, line 23, and particularly page 41, lines 21-28. Accordingly, Apphcants 
request that the rejection under 35 U.S.C. § 1 12, first paragraph, be withdrawn. 



In view of the foregoing. Applicants believe all claims now pending in this 



Application are in condition for allowance and an action to that end is urged. If the 
Examiner believes a telephone conference would aid in the prosecution of this case in any 
way, please call the undersigned at 415-576-0200. 



TOWNSEND and TOWNSEND and CREW LLP 

Two Embarcadero Center, 8^*^ Floor 

San Francisco, California 941 1 1-3834 

Tel: 415-576-0200 

Fax:415-576-0300 
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RespectfiiUy submitted, 
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Proltferatitig cell nuckar antigen (PCTf A) is an cssendal 
protein In both DMA replication and DNA damage 
repair. A novd 15 IcD protein, pl5>^, was Identified as a 
PCNAHissodated /actor In « yeast tiTo-hjrbrld screen 
using PCNA as flie bait plS**^ is localized primarify to 
the nucleus. plS*''^ shares the conserved PCNA binding 
motif wifli several other PCNA binding protetos 
„lndading COK Inhibltor^l.. Overexpresslon of plS**^- 
compeies with p21*PCNA binding. Mutation of this 
modf hi plS^^ abolished its PCNA-bindtng activity. 
Notably, plS^'^ expressioB in several types of tumor 
tissues was slgnlRcandy increased, cspedally in esopha* 
geal tumors. Lilce PCNA. plS^^^ may possess prognostic 
dgnlficance In a broad array of human cancers. 
Ortco^e/itf (2001) 20, 484 -489. 

Kqrwords: PCNA; p21; tumor, PIP box 



Introdtsction 

The proliferating cell nuclear antigen, PCNA, is an 
auxlliaiy factor for DNA polymerase processivity. 
PCNA interacts with numerous DNA repttcation/rq»Jr 
cnqrnaes^ such as DNA polymerase delta and epsilon, 
repltaiUon Rurtor C (RF^ pI40). DNA ligase I, 
replication endonuclease FEN-1, Uraci)*DNA ^ycosy* 
lase 2, MLUU MSH2 and the DNA repair endonuclease, 
XPG (Chuange/ai., 1997; LootetaL, 1997; Umarc/o/.. 
1996). hfost of these enzymes do not lecognize DNA 
sequences with high spedRdty. PCNA binds to double 
strand DNA as a homotrimer and serves as a platform to 
tether polymerases to the DNA template during DNA 
synthesis (Kelman and Hurwitz, 1998). PCNA has been 
shown to interact with DNA (cytosine^S) methyltrans- 
feraso (MCNfT) in post-replication DNA synthesis. 
MCMT methylatlon of newly syntheshsed DNA reg- 
ulates chromatin organization and gene expression. 

Several non-enzymatic cell cycle regulators, such as 
CDK inhibitors p21«'WAn qq^^^ jjgj; piores- 
Rozas €i tf/., 1994; Waga et aL 1994), pSl^ 
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(Watnnabe ei aL, 1998), and Gadd45 (Smith ei aL, 
1994; Hall el aL, I99S; Sancbes and Elledge^ 199S), 
also bind to PCNA p21 and ptS7 both contain two 
separate binding activldes: a CDK^cydin binding 
domain at the K-terminus and a C>termlnally located 
PCNA binding site (Watanabe ei 1W8; Luo et aL, 
199S; Nakanishi el aU I99S), both of which are 
capable of bhibi ting ceU Gyde4>rogression« Mutascn- 
esis aud p2I-PCNA crystal structure analysis have 
identified a short ambo add modf (•**QTSMTD£Y'« 
In human p21 and '**SOPLISDEP» in human p57) 
critical for binding to PCNA In particular, the 
hydrophobic Met/Leu and Phe residue (underlined), 
axe required for p21 and pS7 to bind PCNA at hifiji 
affiniHes (Watanabe et aL 1998; Warbridc et al^ 1995; 
Oullns et al., 1996). In addidon to these two CDK 
inhibitors, a similar conserved PCNA bbdlng motif 
(also named PlP-box) contalnhig QXXL/I/MXXF/Y 
(Warbrick, 1998), is also found m several other PCNA 
interacting proteins, including xeroderma ptgmenlosunn 
group O (XPO; Ludwig el aLt 1997), flap endonudeuse 
(FEN-l; ti et aL, 1995) and DNAKcylosine-S) 
methyltransferase (MCKfT; Chuang el aL, 1997). The 
p21-PCNA assodation does not aflbct the overall 
stoK^re of PCNA or Qic PCa^A-DNA assodatlon 
(Qttlbis €1 aL, 1996). Instead, p2t is capabIe"or 
competing with these PCNA*bInding proteins, poten- 
tially preventing PCNA ftom binding to DNA 
polymerase and other replication bctors. In this study, 
we identified a novd 15 kD PCNA-assodated factor, 
plS**^. pl5'*' contains the conserved PCNA binding 
motif in which a mutation disrupts PAF-PCNA 
binding. Unlike p2 1 and p57, overexpression of 
pl5**AF does not bihibit cdl cyde progression. Of 
potential significance, the expression of pIS*^** Is 
substantially elevated in several types of tumors. We 
suggest that pi 5**^ may be a new member of PCNA 
assodated cell proliferation family of regulators. 



Results 

Ideniifleation ofplS^^ 

A large number of protdns have been IdendBcd 
through binding to PCNA. To done less abundant 



EXHIBIT A 



PCNA associated proteins, we constructed a yeast iwo- 
hybrld cDNA library from mixed Iiumnn tissues of 
adult whole brain, fctul wtiolc brain, thnlamas, and 
hippocampus at 1:1:1:1 rutio instead of using only 
whole bruin mRNA. This library contains 36 million 
independent clones. Twenty million trunsformanls were 
screened. A total of 73 positive clones were idcntiflcd, 
including three known PCNA binding proteins (p2l, 
FEN-I, and Uracil-DNA giycosyluse 2), validating the 
authcnlidty and cffldency of the screen. Five of the 73 
PCNA-lntcructlng clones contained cDNA Inserts 
corresponding to the expressed sequence tag (EST) 
clone KIAAOlOl deposited in OcnBank (Nagosc e/ aL, 
1995) (Figure la). These Bvc positive clones all contain 
the PCNA binding motif and encode the entire coding 
region of KIAAOIOL KfAAOIOI (DI4657) was 
conceptually translated but is ninctionolly unchamctor- 
ized. Due to its PCNA«blnding activity^ we have 
therefore named KIAAOlOl as PAF (ECNA grated 
factor). Notably, PAF contains sequence closely rcloled 
to the PCNA-binding motif present in other PCNA- 
interacting proteins (Wurbrick, 1998) (Figure lb). In 
partkailor, three highly conserved residues, Oln, Met/ 
IWLcu and Phe, are all conserved in PAP. suapsting 
-that PAF may bind to PCNA in u similar manner as 
other PCNA binding proteins. 

pIS^^^ hinds Co PCNA bi mmnmallm (xfls 

Conceptual translation of PAP predicts a 15 kD 
protein (pl5'*^*'), which was confirmed by transient 
traasfeotion and immunoprecipiiaUon (Figure 2). To 
confirm the binding of plS^^i' ^j^f, pcNA in 
mammalian colls, HA-taggcd pi 5'^'' was redoncd from 
the positive ycast-two-hybrid done Into k CMV 
promoter expression vector (pYCI) by PCR and was 
transfectcd into 293 cells. Figure 2 shows HA-taggod 
pl5^ co-lmmunoprecipltatcd wlUi endogenous PCNA 
(Figure 2a,b)* Mutation of two conserved residues in 
the putative PCNA binding motif (I65A, P68A) of tiie 
PIP4>ox, completely disrupted the binding of pIS^** to 
VCHA (Figure 2c lone 3J. The lower panel of FiguiPe 
2c shows that both the wild type and the mutant p\y*^^ 
were repressed at similar protein levels. Thk result 
demonstrated tiiat the PIP-box is required for pl5^^^ 
binding to PCNA. 

p/jwr competeji with p21 for hlnJi^tg to PCNA 

p21 has been shown to compete wiUvDNA polymerase 
and FEN-l for binding to PCNA. Since both pIS'*'* and 
p2l shflire Uie same PCNA-blndIng motif, we tested 
wbeUier plS'*'' can compete wlUi p2l for binding to 
PCNA. HA-tagged plS^^*' was co-transfectcd witii Flag- 
togged p21 into 293 cells, and pi 5'^ binding to PCNA 
was diminished in the presence of increasing concentra- 
tion of p2l (Figure 2b, upper panels). When Flag-tagged 
p21 was co-transfected with OFP or HA-tagged pl5^^^ 
into 293 cells, p2rs binding to PCNA was also inhibited 
by increasing tiie amount of plS''^*' (Figure 2b, lower 
panels). Results from HA-tagged pl5'^''co-transfection 



ore not shown. Since only very high levels of p 1 5''^'' (6 ; I 
ratio) arc able to compete with p21 for PCNA 
association, it is speculated that tiie alflnlly ofplS**'^ to 
PCNA mny be weaker than that p2l. although 
endogenous levels of p2l und pIS**^^ were not mcusurcd 
in transfection experiments. 

nvme-^fpecf/^c expression and nuclear locttlhation of PAF 

PAF gene was expressed as n 1.1 kb message that 
accumulated in liver, puncrcus and pluncclu ut u high 
fevcls (Figure 3). PAF expression was not delected in 
heart or whole adult brain, dcspilc the initial isolation 
from a bruin cDNA library. To determine the 
subcellular localization, wo fused full length PAF to 
the C-tcrminal of OFP and expressed PAP -OFP 
protdn in Hcia colls by transient transfection. As 
shown in Figure 4, the mc^jo^ily of green fluorescence 
was observed in the nucleus, allhough some cytoplas- 
mic distribution can also be seen. Hence, PAF is 
mainly localhuKl to the nucleus. 

pi 5^^^ expressman is Increased In imnor iksues 

PCNA expression has been correlttted to tumor 
progression and is commonly used as a molecular 
marker for detecting hyperpUwtlc cell growth. In- 
creased p2l expression htut also been seen \n several 
typos of mull©iant tumors (Baekclandt el al*, 1999; 
Barboulc a/,, I99H), and u higher level of p21 has 
been correlated wlUi higher 5-ycar survival rale 
(Kuwahttrn el 1999; Nalsugoc ei at., 1999; 
Ropponcn el 1999). To evaluate pl5»^*"s potential 
ftjnction in tumor development* pi 5**^ expression level 
was measured using tumor blots (Invitrogen). As 
shown in Figure 5, the pIS'^ mRNA level was 
significantly increased in esophageal, breasl, uterine, 
cervix, brala^ kidney and lung tumors. This Increased 
mRNA level Is especially dramatic to esophageal tumor 
(>IO^oid). Northern analysis also verified that In 
normal whole adult brain tissue. litUo or no pi 5^ was 
detected. Lit tie or an undetectable change of piS^*' 
expression was observed in colorectal cancer or 
pancreas tumor. 



Botii PCNA and p2 1 have been shown to interact wlUi a 
large number of cellular proteins Involved in DNA 
replication/repair and cell cyde control. Most of Uio non- 
en:qrmatic PCNA binding proteins Iclenllfled, such as p2 1 
and p57^ Inhibit DNA syntiiesls and cell cydo progres- 
sion. Since p 15^^' is able to compete with p2 1 for binding 
to PCNA, it is plausible to speculate that ovcr-cxpresslon 
of plS"*^' in tumor tissues may be advantageous for 
tumor cell proliferation. However, co-transfection of 
pl5^AH ^jth p2| expression plasmld into Soos-2 and 293 
cells did not show a aignlficant change in p21 induced cell 
cycle arrest In addition, PCNA has more than one p2l/ 
p I y^^^ binding site and may bind to bolh pi and p2 1 
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at the same time Without knowing the lelative 
endogetious protein level of plS<^^ and p21,it is difUcuU 
to determine the relative rel&tton6hip l>ctwecn plS*;^^ and 
p2l • Under physiological conditions, plS'^ may not be 
able to compete with p21 for PCNA binding. p2l binds 
to PCNA to disrupt DNA replication/repair madiinery 
and to inhibit cell proliferation. However, in transient 
transfecdon experiments using Hela, Saos-2, and 293 



cells, wc were not able to detect any cell cycle inhibition 
by the ovcrexpresslon of plS"*^ (data not shown). An In 
vUro DNA synthesis assay may be needed to reveal the 
detailed mechanism of piy*^ function. 

Since the mRNA level of plS*'^'' is dramntically 
increased in many types of tumors, we amplified (by 
PGR) and sequenced plS'''^' from kidney^ liver, lung and 
esophageal tumors. No mutation was found in pis'" 



Oftcogant 



a 

p2Hna) 0 

PCNA — 



plB*^, • novi( PCNA •ttoelatad taetor 



3 
1 



3 
3 



3 

e 



3 
8 



QKOIOE^ 



IP:aHA 
WB: oPCNA 




[III 



p21— ► ^ 

b 

P21(Mfl) 1 11 
PCNA— 



4 8 

1 1 



WB: ap21 



PCNA- 



IP:ap21 
WB:aPCNA 



WB:aGPP 



3 4 6 



1 



i 




FiRure 2 *^l£l'"!;=^?P«^ ^Uh p2I for binding lo PCNA In mammullttn ccllts. (a) p2l compcicK wUh dI5'^'-* for bindini* i« 
cndospnow PCNA. 3 Aifi of HA-laggod plf***" expression plusmld (pYCI) wa* co^uanstoTyr?^^ of Si t«n«^^^ 

^ pcotdaM tt control cxpcrinwnl k «lK>wn ht iho bw/r part ofSi 

- ^' .? ^S^*^"^'^^ experiment shown In the lower pan of (he puncl, the omouni of OHP^togUl r l5'^'T«hown bv h oiO^ifl 
WUh nn noU^FP oniit^xly. (c) MulaUoo of PIP-box dlmipis bindihg of plS^^^ to PCNA. 3 ^I^H Mtt Jd SSsSR- 

wUhw»U.PCNA nntfb<Hly (upper psmc!). Uwe^ «howa proldit asno«nl of pW^K Contnil lane irnon^Sc JU-^^^ 



(data not shown). This result wwludcs the pojalbil% that 
a dyslVncUonoi copy ofp 1 5^is over^ejcpressed In tumor 
tissues. Increased oxprcission of plS**** in roany tumor 
Ussiitt is not surprising. Expression oT PCNA and 
FGNA-assodated proteins such as p2l is also incmsod 
m several types of cancers incf udteg ovarian cancer and 
breast cancer. The inhibitory effect of p21 may be 
overcome by coordinated arxumulaaon of PCNA, 
cycBnDi and CDKs (Russell ei el., 1999), Simllariy/ 
the impact of increased expression of pIS^^' In tumor 
tissues may be neutralized by elevated expression of its 
binding partners, such as PQnIA. However* elevated 
levels of pIS'Af' in tumor tissues may be s uscftil 
prognostic parameter for certain types of cancer. In 
esophageal squamous cell carcinoma patients, for 
example, the S-year survival rate of p21 positive patients 
is better than that of p21 negative patients. In other types 
of cancer, p2rfi value as an independent prognostic 
marker Is not conclusive. Since pi 5'^' expression in 
esophageal tumor is dramatically elevated compared 
with normal tissue, the possibility exists that pi S"^'' kvels 
could be used to predict clinical prognosis for esophageal 
cancer patients. 
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exposod for 48 h. Tumor tissues wi(h dcvaied fcvel oT pty^« such as brost, tsteiine tbsoe, octvix, bnOn* kidney, lung and 
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Mnteftals auid tnediods 
Yeasi t\r4hl\}*brld Mcrceniitg 

For ycust two-hybrid sctccnlag (Fields and Song, 1989), ftil! 
length PCNA was used as bait to screen u humtid ,bmtn 
cDNA library constructed from mixed niRNA of wh<Jte,tidult 
brain, whoks retal hrvitu hippocuntpus, and tHalamtisi Oligo* 
dT primer was used to make a nnidircctlonat cDNA ilbmry 
and was figatod Into Xlwl-EcoKL sites of the pACT2 vector. 
Random iKxanncrs were used to construct a second t>i- 
dis^ctlonal llbrecy and wos legated into cbe EcoKL site of 
pACT2, The combined cDNA library represents 36 milUon 
independent clones. Yeast strain Y190 was used and 20 
million transformanlfi were screened on SD-LWH+3AT 
(45 niM) plates from a single round of screening. 

Tmtu^ecihn and immimaprccipftufhn 

The Ca** phosphate method was used in all inmsfcction 
experiments, 2x 10* Phoenix-A (293 T) cells were harvested 
24 h after the transrection of HA-pl 5PAF (5 /(g) ond lysed in 



04 ml lysis btiirer (SO mM HEPBS{7il, 250 mM NaQ. Q.IV« 
NP-40v5 mM iSDTA). The fanmunopreclpllated proteins were 
preptired by incubating tlie anti-HA monodonal Ab with the 
cdt lysatcs. Volumes were adjusted by normalization with 
exprosion of Flag-tagged or HA-togged proteins analysed by 
Western blot analysis (protein levels before adjustment for IP 
shown in middle and bottom panels of Figure 2). The anll^HA 
immunopredpitated samples were then washed three limes with 
high stringency 1yds buffer {iVo NP-40 and 1 M KaCI). For 
each immunopredpitation following normalizatbn, aliquote of 
the lysatcs were incubated with a 1 : 1 slurry of onli-H A 
cot\{ugated Sepharose (BAbCO). The Sepharosc beads were 
washed once widi I ml lysis buffer and three times with high 
stringency lysis buffer {I M KaCI, 1% NP-40). The Immuno- 
pTCcipttated proteins or cell lysates wcitc fractionated on a 4- 
20% gradicnl SDS-PAOE gel (Novex). 



Cell c)*cle assay 

A549 ceils were infected with vector or pl5''^*' retrovirus 
supernatant which were collected from tmnsfccted Phoneix A 



plB^^, M nevtt PCfW «MoclatAd r»ctor 



retroviral packaging cells. The lop 10% of OFP positive 
AS49 cells 48 li posl inrcalon were twlutcd and cell q^c 
analysis pcrTormed with hypotonic PI solution staining by 
PCS 72 h posl tafecilon. The PCS data was flnttl>«cd by 
ModHl LT cell cycle analysis software (Verity Soflwuro 
House, ME, USA). 

Ffiiorcmncf 

OPP-Aiscd pl5PAK wxifi ironsrectcd into 2V3 (Phoenix) cells. 
A NJkon TE-30D fluorescence microscope was used lo 
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Expression of pil^^^^i^^'P^ in the p53-dependent Pathway Is Related 
to Prognosis in Patients with Advanced Esophageal Carcinoma* 
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ABSTRACT 

The proteins p53 and p21 are important components - 
that regulate G,-S transition through the eel! cycle* We 
immunohistochemically investigated p53 and p21 expression 
in 111 patients with esophageal squamous cell carcinoma. 
We also evaluated whether the expression of either of these 
proteins is a prognostic factor according to the p53-depend- 
ent and -independent pathways. The positive rates of p53 
and p21 expression were 42.8 and 43.2%, respectively. Clin- 
icopathological fmdings according to p53 and p21 expres- 
sion did not differ significantly. The 5-year-survival rates 
between p21 positive and negative expression did not differ 
significantly in the p53-positive group. In the p53-negative 
group, the 5-year-survival rate of patients with p21 -positive 
expression was 22.9%, which was significantly better than 
that of patients with p21 -negative expression (12.7%; P < 
0.05). Multivariate analysis revealed that p21 expression in 
the p53-dependent pathway was an independent prognostic 
factor. Accordingly, the prognostic values of p21 expression 
between the p53-dependent and -independent pathways dif- 
fered. Examination of p21 -positive expression in the p53- 
dependent pathway will help to estimate the favorable prog- 
nosis of patients with advanced esophageal carcinoma. 

INTRODUCTION 

The tumor suppresser gene p53 is located on the short arm 
of chromosome 17. The product of wild-type p53 prevents 
uncontrolled cellular proliferation after DNA damage via a G, 
arrest checkpoint (1,2). Mutation of the p53 gene is one of the 
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most frequent genetic lesions associated with cancer, including 
esophageal cancer (3, 4). The p2 1 protein, which is encoded by 
the WAFl/CipI gene, is a downstream target effector of wild- 
type p53, which transcriptionally activates p21 (5, 6). The 
relationship between p21 expression and tumors in the gastro- 
intestinal tract has been reported. Furthermore, p21 expression 
is an important prognostic factor in various organs (7-10). The 
p53-dependent expression of p21 plays a central role in cell 
growth regulation and apoptosis. p2 1 can be induced in a p53- 
independent manner (11, 12). Understanding p53 and p21 pro- 
tein expression is important for gene function in malignant 
tumors. Both p53-dependent and -independent pathways must 
be examined when considering p21 expression. 

Although p53 gene mutation and p53 protein accumulation 
are common in esophageal cancer, their clinical significance is 
controversial (13, 14). In this study, we examined p53 and 
p2iWAFi/cipi ^p2|) expression in advanced esophageal squa- 
mous cell carcinoma according to these protein accumulation 
detected by immunohistochemical methods. The aim of this 
study was to investigate the relationship between p53 and/or p2 1 
expression and to evaluate whether their expression is a prog- 
nostic factor according to p53 -dependent and -independent path- 
ways. 

PATIENTS AND METHODS 

Patients. One hundred and eleven consecutive patients 
with advanced carcinoma of the esophagus underwent esoph- 
agectomy with lymph node dissection at Kagoshima University 
Hospital between 1987 and 1991. The ages of 103 male and 8 
female patients ranged from 41 to 81 years (mean, 64.0 years), 
and none of them had received radiation therapy or chemother- 
apy before surgery. All patients were followed up after dis- 
charge by an X-ray examination and studies of tumor markers 
(squamous cell carcinoma antigen, carcinoembryonic antigen) 
every 1-3 months, computed tomography every 3-6 months, 
and ultrasonography every 6 months. Bronchoscopic and endo- 
scopic examinations were performed when necessary. Fol- 
low-up data after surgery were obtained from all patients, with 
a median follow-up period of 28 months (range, 2-135 months). 

On the basis of the Tumor-Node-Metastasis classification 
of the International Union Against Cancer (15), the 1 1 1 patients 
were divided into 18 with Tj tumors, 66 with T3 tumors, and 27 
with T4 tumors. Seventeen tumors were located in the upper 
third of the esophagus, 59 in the middle third, and 37 in the 
lower third. Pathologically, ail of the tumors were squamous cell 
carcinoma (51 well-differentiated, 42 moderately differentiated, 
and 18 poorly differentiated). Lymph node metastases were 
present in 77 of 111 of the patients (69.4%). All of the Ml 
tumors were due to distant lymph node metastases. 

Immunohistochemical Staining. Sections were immu- 
nohistochemically stained using avidin-biotin-peroxidase as de- 
scribed. In brief, after deparaffinizing in xylene and dehydrating 
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Fig. I p21 expression is seen in the nucleus in esophageal cancer cells 
(X200). 




Fig. 2 p21 expression is not seen in the nucleus in esophageal cancer 
ceils (X200). 



in ethanol, the sections were heated in citrate buffer (0.01 m, pH 
6.5) at 120°C for 10 min to retrieve antigen, then incubated with 
either the primary monoclonal antibody anti-p21^^^'^*^'P' 
(Santa Cruz Biotechnology, Inc., Santa Cruz, CA), or anti-p53 
(Transduction Laboratories, Lexington, KY) overnight at 4°C. 
The sections were then incubated with biotinylated anti-mouse 
IgG and avidin-biotin-peroxidase (Vector Laboratories, Burl- 
ingame, CA) and visualized using diaminobenzidine tetrahydro- 
chloride. The negative control group contained 1% BSA instead 
of primary antibody. 

The immunohistochemical expression of p53 and p21 was 
evaluated by independent two observers (Sh. N. and Sa, N.). 
The five representative fields were examined, and a total of 
1000 tumor cells (200 for each field) were counted under the 
microscope with a high power (X200) objective. A distinct 
nuclear immunoreaction for p53 and p21 was judged positive. 
When 10% of the cancer cells were positive for nuclear staining, 
the specimen was scored as positive (Figs. 1 and 2). The level of 
wild-type p53 protein is usually undetectable in tissues by 
immunohistochemical staining because of its short half-time. 
Because the mutated p53 protein accumulates in the nucleus as 
a consequence of its binding to other oncogenic proteins, such 



Table I Relationship between p21 expression and 
clinicopathological findings 
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NS 
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NS 


II A 


13(27.1) 
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H B 
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4 ( 6.4) 
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IV 
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p53 expression 






NS 


Negative 


27 (56.2) 


37 (58.7) 
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21 (43.8) 


26 (41.3) 




NS, not significant. 



binding prolongs its half-life (16). Thus, the p53 protein de- 
tected by immunohistochemistry is considered to be the product 
of a mutated gene for p53. On the other hand, the p21 protein 
detected by immunohistochemical staining is considered to be a 
wild-type protein because no mutations in the gene for p21 were 
detected in a large number of human tumors (17, 18). 

Statistical Evaluation. Statistical analysis was per- 
formed by the test and the Kruskal-Wallis test for group 
differences. The Kaplan-Meier method was used, and analysis 
was also evaluated by the log-rank test. Prognostic factors were 
tested by univariate and multivariate analyses (proportional haz- 
ard regression model). P < 0.05 was considered statistically 
significant. 

RESULTS 

Expression of p53 and p21 

The rate of p53 expression was 42.8% (47 of 1 11) for all 
patients. The relationship between p53-positive and -negative 
expression and the clinicopathological findings of age, sex, 
tumor location, depth of tumor, histology, and pN did not differ 
significantly. However, the rate of advanced tumors in pM, and 
the stage were significantly higher in p53-positive tumors than 
in p53-negative tumors. The positive rate of p21 was 43.2% (48 
of 111) for all patients. Clinicopathological findings and p21 
expression did not significantly differ, and neither did p53 and 
p21 expression (Table 1). 

The tumors were divided according to p53 expression into 
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Table 2 Relationship between p21 expression and clinicopathological findings according to p53 expression 



p53(+) p53(-) 
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" NS, not significant. 
''F< 0.05. 



the p53-positive [p53(+)] and p53-negative [p53(-)] groups. 
With regard to clinicopathological findings in the p53(+) group, 
there was no significant relationship between the p21(+) and 
p21(-) group. Similarly, the relationship among clinicopatho- 
logical findings in the p53(-) group was not significant, irre- 
spective of p21 expression. The categories of M, and stage were 
more advanced in the p53(+)p2I(+) group than in the 
p53(-)p21(+) or p53(-)p21(-) groups (Table 2). 

Clinical Outcome 

The Prognosis of p53 Expression or p21 Expression. 

All patients were followed up, and 8 died of postoperative 
complications within 30 days, leaving 103 patients for survival 
analysis. The total number of 5-year survivors was 19, and 15 of 
these patients are still alive. According to the p53 expression, 
the 5-year survival rates of the p53(+) and p53(-) patients were 
14.9 and 18.8%, respectively (P = 0.19). Concerning the p21 
expression, the 5 -year survival rates were 22.9% for patients 
with p2 1 -positive tumors and 1 2.7% for those with p2 1 -negative 
tumors {P = 0.08). 

The Prognosis of p21 Expression in the p53-dependent 
or -independent Pathway. In the p53(+) group, the 5-year 
survival rates of the p21(+) and p21(-) patients were 19.1 and 
11.5%, respectively. There was no significant difference be- 
tween the two groups. On the other hand, in the p53(-) group, 
the 5-year survival rate of the p21(+) patients (25.9%) was 
significantly higher than that of the p21(-) patients (13.5%; 
P < 0.05; Fig. 3). 
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Fig. 3 A comparison of 5-year survival curves in the p53-dependent 
pathway between patients with p21 -positive tumors (thick lines) and 
p21 -negative tumors (broken lines) is shown. The 5-year survival rate of 
the p21 -positive group is significantly higher than that of the p21- 
negative group (P < 0.05). 



Prognostic Significance of p21 Expression in the p53- 
dependent Pathway. Factors related to prognosis within the 
p53(-) group were evaluated by univariate and multivariate 
analysis (Table 3). According to the univariate analysis, age, 
histology, depth of tumor invasion, lymph node metastasis, 
lymphatic invasion, venous invasion, and p21 expression were 
related to prognosis. However, age, stage, and p21 expression 
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Table 3 Risk factors affecting overall survival rate determined by univariate and multivariate analysis of prognostic factors for the p53- 

dependent pathway in 103 patients with esophageal carcinoma 



Independent factor 


Univariate 


P 


Multivariate 


Relative risk 


95% cr 


Age 


0.0231 




0.0194 


1.042 


1.006-1.079 


Stage (11 vs. Ill and IV) • 


0.0020 




0.0034 


2.986 


1.435-6.25 


p21 expression (4- vs. -) 


0.0193 




0.0402 


1.867 . 


1.029-3.387 



" CI, confidence interval. 



were independent prognostic factors, according to the multi- 
variate regression analysis. 

DISCUSSION 

The tumor suppressors p53 and p21 are among the most 
important known gene products involved in cell growth arrest, 
differentiation, and senescence. The p21 protein is a cyclin- 
dependent kinase inhibitor that is a downstream effector of 
p53-dependent cell cycle regulation (19, 20). Although to date, 
some reports have addressed the relationship between poor 
prognosis and p53 overexpression in esophageal carcinoma (2 1 , 
22), others did not find such correlation (23, 24). Sarbia et al. 

(25) reported recently that p21 -positive expression correlates 
with the poor prognosis of patients with esophageal carcinoma. 
In the present study, we compared p53 and p21 protein expres- 
sion by p53-dependent and -independent pathways. 

In this series, p2 1 expression and clinicopathological find- 
ings were not correlated. Histologically, p21 plays a role in 
regulating the cellular differentiation of various tissues. Heter- 
ogeneous components were identified in advanced esophageal 
carcinoma; some areas were well differentiated, and others were 
moderately or poorly differentiated. However, we did not find a 
significant difference between p21 expression and histology. 
Furthermore, p21 and p53 expression did not correlate in the 
present study. Factors such as transforming growth factor p 

(26) , cyclin Dl (27), and bcl-2 (28) might influence p21 expres- 
sion. Barboule et al (29) also reported that the absence of p21 
expression does not correlate with wild-type p53 in ovarian 
cancer. However, the p53(+)/p21(+) tumors were more ad- 
vanced than those tumors of the p53(-) group. Tumors that 
expressed p21 progressed faster via the p53-independent than 
the p53-dependent pathway, suggesting that p53 mutant tumors 
are highly malignant, even in the presence of p21 protein. 

Age, histology, depth of tumor invasion, lymph node me- 
tastasis, lympharic invasion, and venous invasion were impor- 
tant prognostic factors among patients with advanced esopha- 
geal carcinoma in the present study. Lymph node metastasis or 
the number of involved nodes are useful prognostic factors (30, 
31). In this study, although the 5-year survival rate of p21- 
positive patients (22.9%) tended to be better than that of p21- 
negative patients (12.7%), the difference did not reach signifi- 
cance {P = 0.08). However, when patients were divided 
according to p53 expression, i.e., the p53-dependent or p53- 
independent pathway, the prognosis was better in p2 1 -positive 
than in p21 -negative patients in the p53-dependent group. Fur- 
thermore, p21 expression was an independent prognostic factor 
in the wild-type p53 pathway by multivariate analysis. Sarbia et 



al. (25) reported that the patients with p21 positivity had a 
poorer prognosis, compared with those with p21 negativity, 
when p21 expression was categorized into <50% positive cells 
and ^50% positive cells. This result was different from ours, 
which was caused by different criteria of p21 expression. Al- 
though the prognosis of patients with advanced esophageal 
carcinoma remained poor, the examination of the pathway of 
p53-dependent p21 protein expression is usefiil for predicting 
prognosis in addition to the conventional staging system. 

We conclude that the prognostic value of p21 expression 
differed between p53-dependent and -independent pathways. An 
examinarion of p53 and p21 expression is useful when estimat- 
ing the prognosis of patients with advanced esophageal carci- 
noma. 

REFERENCES 

1. McBride, W., Merry, D., and Givol, D. The gene for human p53 
cellular tumor antigen is located on chromosome 17 short arm (17pl3). 
Proc. Natl. Acad. Sci. USA, 83: 130-134, 1986. 

2. Yin, Y., Tainsky, M. A., Bischoff, F. Z., Strong, L. C, and Wahl, 
G. M. Wild-type p53 restores cell cycle control and inhibits gene 
amplification in cells with mutant p53 alleles. Cell, 70: 937-948, 1992. 

3. Imazeki, F., Omata, M., Nose, H., Ohto, M., and Isono, K. p53 gene 
mutations in gastric and esophageal cancers. Gastroenterology, 103: 
892-896, 1992. 

4. Hollstein, C., Metcalf, R. A., Welsh, J. A., Montesano, R., and 
Harris, C. C. Frequent mutation of the p53 gene in human esophageal 
cancer. Proc. Natl. Acad. Sci. USA, 87: 9958-9961, 1990. 

5. Harper, J. W., Adami, G. R., Wei, N., Keyomarsi, K., and Elledge, 

5. J. The p21 cdk-interacting protein Cipl is a potent inhibitor of CI 
cyclin-dependent kinases. Cell, 75: 805- 816, 1993. 

6. Xiong, Y., Hannon, GJ., Zang. H., Casso, D„ Kobayashi, R., and 
Beach, D. p2 1 is a universal inhibitor of cyclin kinases. Nature (Lond.), 
366: 701-704, 1993. 

7. Komiya, T., Hosono, Y., Hirashima, T., Masuda, N., Yasumitsu, T., 
Nakagawa, K., ICikui, M., Ohno, A., Fukuoka, M., and Kawase, 1. p21 
expression as a predictor for favorable prognosis in squamous cell 
carcinoma of the lung. Clin. Cancer Res., 3: 1831-1835, 1997. 

8. Jiang, M., Shao, Z. M., Wu, J., Lu, J. S„ Yu, L. M., Yuan, J. D.. Han, 
Q. X., Shen, Z. Z., and Fontana, J. A. p2r"^*^"P' and mdm-2 expression 
in breast carcinoma patients as related to prognosis. Int. J. Cancer, 74: 
529-534, 1997. 

9. Gomyo, Y., Ikeda, M.. Osaki, M., Tatebe, S., Tsujitani, S., Ikeguchi, 
M., Kaibara. N., and Ito, H. Expression of p21 (wafl/cipl/sdil), but not 
p53 protein, is a factor in survival of patients with advanced gastric 
carcinoma. Cancer (Phila.), 79: 2067-2072, 1997. 

10. Ikeguchi, M., Saito, H., Katano, K., Tsujitani, S., Maeta, M., and 
Kaibara, N. Expression of p53 and p21 are independent prognostic 
factors in patients with serosal invasion by gastric carcinoma. Digest. 
Dis. Sci., 43: 964-970, 1998. 



Clinical Cancer Research 2449 



11. El-Deiry, S., Tokino, T., Velculescu, V. E., Levy, D. B., Parsons, 
R., Trent, J, M., Lin, D„ Marcer, W. E., Kinzler, IC. W., and Vogelstein, 
B. WAFl, a potential mediator of p53 tumor suppression. Cell, 75: 
817-825, 1993. 

12. Michieli, P., Chedid, M., Lin, D., Pierce, J. H., Mercer, W. D., and 
Givol, D. Induction of WAFl /CI PI by a p53 -independent pathway. 
Cancer Res., 54: 3391-3395, 1994. 

13. Coggi, G., Bosari, S., Roncalli, M., Graziani, D., Bossi, P., Viale, 
G., Buffa, R., Ferrero, S., Piazza, M., Blandamura, S., Segal in, A., 
Bonavina, L., and Peracchia, A. p53 protein accumulation and p53 gene 
mutation in esophageal carcinoma: a molecular and immunohistochem- 
ical study with clinicopathologic correlations. Cancer (Phila.), 79: 425- 
432, 1997. 

14. Casson, A. G., Tammemagi, M., Eskandarian, S., Redston, M., 
McLaughlin, J., and Ozcelik, H. p53 alterations in oesophageal cancer: 
association with clinicopathological features, risk factors, and survival. 
Mol. Pathol., 51: 71-79, 1998. 

15. Sobin, L. H., and Wittwkind, C. H. (eds.). TNM Classification of 
Malignant Tumors. International Union Against Cancer, Ed. 5. New 
York: John Wiley & Sons, 1997. 

16. Finaly, C. A., Hinds, P. W., Tan, T. H., Eliyabu, D., Oren, M., and 
Levine, A.J. Activating mutations for transformation by p53 produce a 
gene product that forms an hsc70~p53 complex with an altered half-life. 
Mol. Cell. Biol., S: 531-539, 1988. 

17. Shiohara, M., EL-Deiry, W. S., Wada, M., Nakamaki, T., Takeuchi, 
S., Yang, R., Chen, D. L., Vogelstein, B., and Koeffler, H. P. Absence 
of WAFl mutation in a variety of human malignancies. Blood, 84: 
3781-3784, 1994. 

18. Ikeguchi, M., Saito, K., Katano, Y., Gomyo, Y., Tsujitani, S., 
Maeta, M., and Kaibara, N, Relationship between the long-term effects 
of intraperitoneal chemotherapy and the expression of p53 and p21 in 
patients with gastric carcinoma at Stage Ilia and Illb. Int. Surg., 82: 
170-174, 1997. 

19. Missero, C, Calautti, E,, Eckner, G., Chin, J., Tsai, L., Livingston, 
D. M., and Dotto, G. P. Involvement of the cell-cycle inhibitor Cipl/ 
Wafl and El A-associated p300 protein in terminal differentiation. Proc. 
Natl. Acad. Sci. USA, 92: 5451-5455, 1995. 

20. Ebinuma, H., Saito, H., Tada, S., Kurose, 1., Kaneko, F., Takahashi, 
M„ Ohishi, T., Watanabe, T., and Ishii, H. The role of the cyclin- 
dependent-kinase inhibitor p21 Wafl in the maintenance of differenti- 
ating hepatoma cells. Gastroenterology, U2 (Suppi), A1259. 1997. 

21. Shimaya, K.., Shiozaki, H., Inoue, M., Tahara, H., Monden, T,, 
Shimano, T., and Mori, T, Significance of p53 expression as a prog- 



nostic factor in esophageal squamous cell carcinoma. Virchow Arch. A 
Pathol. Anat. Histopathol., 422: 271-276, 1993. 

22. Monges, G. M., Seitz, J. F., Giovannini, M. F., Gouvemet, J. M., 
Torrente, M. A., and Hassoun, J. A. Prognostic value of p53 protein 
expression in squamous cell carcinoma of the esophagus. Cancer Detect. 
Prev., 20: 63-61, 1996. 

23. Sarbia, M., Porschen, R„ Borchard, F., Horstmann, 0., Willers, R.. 
and Gabbert, H. E. p53 protein expression and prognosis in squamous 
cell carcinoma of the esophagus. Cancer (Phila.), 15: 2218-2223, 1994. 

24. Vijeyasingam, R., Damton, S. J., Jenner, K., Allen, C. A., Billing- 
ham, C, and Matthews, H, R. Expression of p53 protein in oesophageal 
carcinoma: clinicopathological correlation and prognostic significance. 
Br, J. Surg., 81: 1623-1626, 1994. 

25. Sarbia, M., Stahl, M., Huasen, A. Z., Zimmermann, K., Wang, L., 
Fink, U., Heep, H., Dutkowski, P., Willers, R., Muller, W., Seeber, S., 
and Gabbert, H. E. Expression of p21^^''' predicts outcome of esoph- 
ageal cancer patients treated by surgery alone or by combined therapy 
modalities. Clin. Cancer Res., 4: 2615-2623, 1998, 

26. Datto, M, B., Li, Y., Panus, J, F., Howe, D. J., Xiong, Y., and Wang, 
X. F. Transforming growth factor p induces the cyclin-dependent kinase 
inhibitor p21 through a p53-independent mechanism, Proc, Natl. Acad. 
Sci. USA, 92: 5545-5549, 1995, 

27. Rcy, M, J., Fernandez, P, L., Jares, P., Munoz, M., Nadal, A., Peiro, 
N., Nayach, I,, Mallofre, C, Muntane, J., Cmpo, E., Estape, J., and 
Cardesa, A. p2l^AP'^C'P' is associated with cyclin DlCCNDl expres- 
sion and tubular differentiation but is independent of p53 overexpression 
in human breast carcinoma, J, Pathol., 184: 265-271, 1998. 

28. Bukholm, I. K., Nesland, J. M., Karesen, R., Jacobsen, U., and 
Borresen-Dale, A. L. Interaction between bcl-2 and p21 (WAFl/CIPl) 
in breast carcinoma with wild-type p53. Int. J. Cancer, 73: 38 -41, 1997. 

29. Barboule, N., Mazars, P., Baidin, V., Vidal, S., Jozan, S., Martel, P., 
and Valett, A. Expression of p21^^^'^^'^' is heterogeneous and unre- 
lated to proliferation index in human ovarian carcinoma. Int. J. Cancer, 
55: 2404-2409, 1995. 

30. Roder, J, D., Busch, R., Stein, H. J., Fink, U., and Siewert, J. R, 
Ratio of invaded to removed lymph nodes as a predictor of survival in 
squamous cell carcinoma of the esophagus. Br. J. Surg., 81: 41-43, 
1994. 

3 1 . Baba, M,, Aikou, T., Yoshinaka, H., Natsugoe, S., Fukumoto, T., 
Shimazu, H,, and Akazawa, K. Long-term results of subtotal esopha- 
gectomy with three-field lymphadenectomy for carcinoma of the tho- 
racic esophagus. Ann. Surg., 219: 310-316, 1994. 



Curriculum vitae 



Name: Yasumichi Hitoshi, MD. Ph.D. 

Born : November 2 1 , 1 96 1 . Kumamoto, Japan 

Citizenship: Japan 



Present Position: Associate director, Project leader 
Present address: Department of Cell Biology 
Rigel pharmaceutical Inc., ■ 
,240 East grand avenue, . . 

/ ' CA94081 : 

. ' • I ■ -US. A:- ' . : ■ ■ 

Telephone: 650-624-1128 
' Facsimile: 650-624-1101 
E-mail: yhitoshi@rigel.com 

Professional experience: 

2002.7-present Associate. director, Project leader 

Department of Department of Cell Biology, 

Rigel pharmaceutical Inc. 
Research: 



2002.1-2002.7 



Group leader. Project leader 
Department of Department of Cell Biology, 
Rigel pharmaceutical Inc. 
Research: 



1998.12-2001.12 Senior scientist, Project leader 

Department of Department of Cell Biology, 
Rigel pharmaceutical Inc. 

Research: Identification of proteins and peptides that play an important role 
in cell cycle regulation of specific tumor cells using retroviral 
fiinctional screens. 

EXHIBIT C 



1998.2-1998.12 

19953-1998.2 
1992.1-1995.3 



1991.4-1991.12 



Education: 

Medical School 

1981-1987 

Graduate School 

1987-1991 



Senior scientist 
Department of Department of Cell Biology, 
Rigel pharmaceutical Inc. 

Research: Characterization of a membrane receptor, Toso, which inhibit 
TNF receptor family-induced apoptosis. 

Postdoctoral Fellow 
Department of Molecular Pharmacology, Stanford University. 
Research: Analysis of signaling pathway using high titer retrovirus. 
Scientific Advisor: Assistant Professor Garry P. Nolan 

Postgraduate Research Associate 

Department of hnmunology, 

The histitute of Medical Science, 

The University of Tokyo. 

Scientific Advisor: Professor Kiyoshi Takatsu 

Research: Cellular mechanism of development of a retro virus- 
induced immunodeficiency syndrome (MAIDS) 

Postgraduate Research Associate 

Department of Biology, 

The Institute for Medical Immunology, 

Kumamoto University Medical School. 

Scientific Advisor: Professor Kiyoshi Takatsu 

Research: Signal transduction through IL-5 receptor and 
involvement of Xid defect in the receptor system. 



Kumamoto University Medical School 



Department of Biology, 

The Institute for Medical Science, 

Kumamoto University Medical School 

Research: Immunology 

Scientific Advisor: Professor Kiyoshi Takatsu 



Thesis Dissertation : Role of interleukin 5 and its receptor in the immune system. 

Membership of learned societies: 

Japanese Society of hnmunology 
Japanese Cancer Association 



Honors and Fellowships 

Special Fellow of The Japanese Ministry of Education, Culture and Science, 
April 1990-March 1991. 

The Uehara Memorial Foundation Fellowship, April 1995-March 1996. 



^ Publications 



1. Mita, S., Harada, N., Naomi, S., Hitoshi, Y., Sakamoto, K., Akagi, M., Tominaga, A. & Takatsu, K., 
(1988). Receptors for T cell-replacing factor / Interleukin 5 Specificity, quantitation, and its 
implication. J. Exp. Med., 168, 863 - 878. 

2. Jankovic, D.L., Abehsira-Amar, 0., Komer, M., Roth, C, Hitoshi, Y., Takatsu, K. & Theze, J., 
(1988).. IL-4, but not IL-5, can act synergistically with B cell activating factor (BCAF) to induce 
proHferation of resting B cells. Cell, Immunol., 1 17, 165 - 176, 

3. Hitoshi, Y., Mita, S., Tominaga, A., Kikuchi, Y., Sonoda, E,, Takatsu, K, & Watanabe, Y., (1989). 
Interferon-gamma inhibits the proliferation but not the differentiation of murine B cells in response to 
IL-5. Int. Immunol., 1, 185 - 190. 

4. Tominaga, A., Mita, S., Kikuchi, Y., Hitoshi, Y., Takatsu, K., Nishikawa, S.-I. & Ogawa, M., (1989). 
Establishment of IL-5-dependent early B cell lines by long-term bone marrow cultures. Growth 
Factors, 1, 135 - 146. 

5. Matsumoto, R., Matsumoto, M., Mita, S., Hitoshi, Y., Ando, M., Araki, S., Yamaguchi, N., 
Tominaga, A. & Takatsu, K,, (1989). Interleukin-5 induces maturation but not class switching of 
surface IgA-positive B cells into IgA-secreting cells. Immunology, 66, 32 - 38, 

6. Sonoda, E., Matsumoto, R., Hitoshi, Y., Ishii, T., Sugimoto, M., Araki, S., Tominaga, A., Yamaguchi, 
N. & Takatsu, K,, (1989). Transforming growth factor p induces IgA production and acts additively 
with interleukin 5 for IgA production. J. Exp. Med., 170, 1415 - 1420. 

7. Mita, S., Tominaga, A., Hitoshi, Y., Sakamoto, K., Honjo, T., Akagi, M., Kikuchi, Y., Yamaguchi, N, 
& Takatsu, K., (1989). Characterization of high-affinity receptors for interleukin 5 on interleukin 5- 
dependent cell lines. Proc. Natl. Acad. Sci. USA, 86, 231 1 - 2315, 

8. Enokihara, H., Furusawa, S., Nakakubo, H., Kajitani, H., Nagashima, S., Saito, K., Shishido, H,, 
Hitoshi, Y., Takatsu, K., Noma, T., Shimizu, A. & Honjo, T., (1989), T cells from eosinophilic 
patient produce interleukin-5 with interleukin-2 stimulation. Blood, 73, 1809 - 1813. 

9. Takaki, S,, Tominaga, A,, Hitoshi, Y., Mita, S., Sonoda, E,, Yamaguchi, N. & Takatsu, K., (1990). 
Molecular cloning and expression of the murine interleukin-5 receptor. EMBO J., 9, 4367-4374. 

10. Murata, Y., Yamaguchi, N., Hitoshi, Y., Tominaga, A. & Takatsu, K., (1990). Interleukin 5 and 
interleukin 3 induce serine and tyrosine phosphorylation of several cellular proteins in an interleukin 
5-dependent cell line. Biochem. Biophys. Res. Commun., 173, 1102-1108. 

11. Mita, S., Kikuchi, Y., Hitoshi, Y., Sakamoto, K., Tominaga, A. & Takatsu, K., (1990). Cyclosporin 
A preferentially inhibits the differentiation of murine B cells in response to IL-5 and its restoration by 
IL-6. Kumamoto Med. J., 42, 73-86. 

12. Hitoshi, Y., Yamaguchi, N., Mita, S., Sonoda, E., Takaki, S., Tominaga, A. & Takatsu, K., (1990). 

Distribution of IL-5 receptor-positive B cells : Expression of IL-5 receptor on Ly- 1(005)"^ B cells. J. 
Immunol, 144, 4218-4225. 



13. Enokihara, H., Kajitani, H., Nagashima, S., Tsunogake, S., Takano, N., Saitou, K., Furusawa, S., 
Shishido, H., Hitoshi, Y. & Takatsu, K., (1990). Interleukin 5 activity in sera from patients with 
eosinophilia. Brit. J. Haematol., 75, 458 - 462. 

14. Yamaguchi, Y., Suda, T., Shiozaki, H., Miura, Y., Hitoshi, Y., Tominaga, A., Takatsu, K. & 
Kasahara, T., (1990). Role of IL-5 in E.-2-induced eosinophilia In vivo and in vitro expression of IL- 
5 mRNA by IL-2. J. Immunol., 145, 873 - 877. 

15. Yamaguchi, N., Hitoshi, Y., Mita, S., Hosoya, Y., Murata, Y., Kikuchi, Y., Tominaga, A. & Takatsu, 
K., (1990). Characterization of the murine interleukin 5 receptor by using a monoclonal antibody. Int. 
Immunol., 2, 181 - 187. 

16. Yamaguchi, Y., Suda, T., Suda, J., Eguchi, M., Miura, Y., Mita, S., Hitoshi, Y., Tominaga, A. & 
Takatsu, K., (1990). Analysis of eosinophil-predominant colonies formed by human hemopoietic 
precursor cells in the presence of purified interleukin-5. Acta Haematol. Jpn, 53, 688 - 698. 

17. Mita, S., Takaki, S., Hitoshi, Y., Rolink, A.G., Tominaga, A., Yamaguchi, N. & Takatsu, k!, (1991). 
Molecular characterization of the beta chain of the murine interleukin 5 receptor. Int. Immunol, 3, 
665-672. 

18. Tominaga, A., Takaki, S,, Koyama, N., Katoh, S., Matsumoto, R., Migita, M,, Hitoshi, Y., Hosoya, 
Y., Yamauchi, S., Kanai, Y., Miyazaki, J.-L, Usuku, G., K-I, Y. & Takatsu, K., (1991). Transgenic 
mice expressing a B cell growth and differentiation factor gene (IL-5) develop eosinophilia and 
autoantibody production. J. Exp. Med., 173, 429-437. 

19. Yamaguchi, N., Hitoshi, Y., Takaki, S., Murata, Y., Migita, M., Kamiya, T., Minowada, J., 
Tominaga, A. & Takatsu, K., (1991). Murine interleukin 5 receptor isolated by immunoaffmity 
chromatography: comparison of determined N-terminal sequence and deduced primary sequence from 
cDNA and implication of a role of the intracytoplasmic domain. Int. ImmxmoL, 3, 889-898. 

20. Hitoshi, Y., Yamaguchi, N., Korenaga, M., Mita, S., Tominaga, A. & Takatsu, K., (1991). In vivo 
administration of antibody to murine IL-5 receptor inhibits eosinophilia of IL-5 transgenic mice. Int. 
Immunol., 3, 135-139. 

21. Migita, M., Yamaguchi, N., Mita, S., Higuchi, S., Hitoshi, Y., Yoshida, Y., Tomonaga, M., Matsuda, 
I., Tominaga, A. & Takatsu, K., (1991). Characterization of the human IL-5 receptors on eosinophils. 
Cell. Immunol., 133, 484-497. 

22. Korenaga, M., Hitoshi, Y., Yamaguchi, N., Sato, Y., Takatsu, K. & Tada, I., (1991). The role of 
interleukin-5 in protective immunity to Strongyloides venezuelensis infection in mice. Immunology, 
72, 502-507. 

23. Sonoda, E., Hitoshi, Y., Yamaguchi, N., Ishii, T., Tominaga, A., Araki, S. & Takatsu, K., (1992). 
Differential Regulation of IgA Production by TGF-p and IL-5: TGF-p induces Surface IgA-Positive 
Cells Bearing IL-5 Receptor, Whereas IL-5 Promotes Their Survival and Maturation into IgA- 
Secreting Cells. Cell. Immunology, 140, 158-172. 



24. Hitoshi, Y., Okada, Y., Sonoda, E., Tominaga, A., Makino, M., Suzuki, K., Kinoshita, J., Komuro, 
K., Mizuochi, T. & Takatsu, K., (1993). Delayed progression of a murine retrovirus-induced acquired 
immunodeficiency syndrome, MAIDS, in X-linked immunodeficient mice. J. Exp. Med., 177, 621- 
626. 

25. Katoh, S., Bending, M.M., Kanai, Y., Shultz, L.D., Hitoshi, Y., Takatsu, K. & Tominaga, A., (1993). 
Maintenance of CD5+ B cells at an early developmental stage by interleukin-5 transgenic mice. DNA 
AND CELL BIOLOGY, 12, 481-491. 

26. Nagai, H., Yamaguchi, S., Inagaki, N., Tsuruoka, N., Hitoshi, Y. & Takatsu, K., (1993). Effect of 
anti-E.-5 monoclonal antibody on allergic bronchial eosinophilia and airway hyperresponsiveness in 
mice. Life sciences, 53, 243-247. 

27. Hitoshi, Y., Sonoda, E., Kikuchi, Y., Yonehara, S., Nakauchi, H. & Takatsu, K., (1993). Interleukin 
5 receptor positive B cells, but not eosinophils, are functionally and numerically influenced in the 
mice carrying the X-linked immune defect. Int. Immunology, 5, 1183-1190. 

28. Fukuba, Y., Inaba, M., Taketani, S., Hitoshi, Y., Adachi, Y., Tokunaga, R., Inaba, K., Takatsu, K, & 
Ikehara, S., (1994). Functional analysis of thymic B cells. Immxmobiol., 190, 150-163. 

29. Miyake, K., Yamashita, Y., Hitoshi, Y., Takatsu, K. & Kimoto, M., (1994). Murine B cell 
Proliferation and Protection from Apoptosis with an Antibody against a 105-kD Molecule: 
Unresponsiveness of X-linked Immunodeficient B Cells. J. Exp. Med., 180, 1217-1224. 

30. Sato, S., Katagiri, T., Takaki, S., Kikuchi, Y., Hitoshi, Y., Yonehara, S., Tsukada, S., Kitamura, D., 
Watanabe, T., Witte, 0. & Takatsu, K., (1994). IL-5 receptor-mediated tyrosine phosphorylation of 
SH2/SH3-containing proteins and activation of Bruton's tyrosine and Janus 2 kinases. J. Exp. Med., 
180,2101-2111. 

31. Uehara, S., Hitoshi, Y., Numata, F., Makino, M., Howard, M., Mizuochi, T. & Takatsu, K., (1994). 
An IFN-y-dependent pathway plays a critical role in the pathogenesis of murine immunodeficiency 
syndrome induced by LP-BM5 MuLV murine leukemia virus. Int. Immunol., 6, 1937-1947. 

32. Korenaga, M., Hitoshi, Y., Takatsu, K. & Tada, I., (1994). Regulatory effect of anti-interleukin 5 
monoclonal antibody on intestinal worm burden in a primary infection with Strongyloides 
Venezuelensis in mice. Int. J. Parasitology, 24, 951-957. 

33. Korenaga, M., Hitoshi, Y., Takatsu, K. & Tada, L, (1995). Cross-resistance between Strongyloides 
vebezuelensis and S. ratti in mice. J. Hehninthology, 69, 1 19-123. 

34. Makino, M., Yoshimatsu, K., Azuma, M., Okada, Y., Hitoshi, Y., Yagita, H., Takatsu, K., & 
Komuro, K., (1995). Rapid development of murine AIDS is dependent of signals provided by CD54 
andCDlla. J. Immunol., 155, 974-981. 

35. Numata, F., Hitoshi, Y,, Uehara, S., & Takatsu, K. (1997). The xid mutation plays an important role 
in delayed development of murine acquired immunodeficiency syndrome. Int. Immunol., 9, 139-46. 



36. Hitoshi, Y., Lorens, J. B., Kitada, S.-I., Fisher, J., LaBarge, M., Ring, H. Z., Francke, U., Reed, J. C, 
Kinoshita, S., & Nolan, G. P. (1998). Toso, a cell surface, specific regulator of Fas-induced apoptosis 
in T cells. Immunity, 8, 461-471 

37. Rothenberg, M., Fisher, J., Zapol, D., Anderson, D., Hitoshi, Y., Achacoso, P., and Nolan, G.P., 
(1998) Intracellular combinatorial chemistry with peptides in selection of Caspase-like inhibitors. 
NATO ASI Series, Vol. H 105:171-183. Gene Therapy. 

38. Xu, X., Leo, C, Jang, ¥., Chan, E., Padilla, D., Huang, B.C., Lin, T., Gururaja, T., Hitoshi, Y., 
Lorens, J.B., Anderson, D.C., Sikic, B., Luo, Y., Payan, D.G., & Nolan, G.P. (2001). Dominant 
effector genetics in mammalian cells. Nat. Genet. 23-29 

39. Kaspar, A.A., Okada, S., Kumar, J., Poulain, F.R., Drouvalakis, K.A., Kelekar, A., Hanson, D.A., 
Kluck, R.M., Hitoshi, Y., Johnson, D.E., Froelich, C.J., Thompson, C.B., Newmeyer, D.D., Anel, A., 
Clayberger, C, & Krensky, A.M. (2001) A distinct pathway of cell-mediated apoptosis initiated by 
granulysin. J Immunol., 167, 350-356. 

40. Perez, O. D., Kioshita, S., Hitoshi, Y., Payan D. G., Kitamura T., Nolan, G. P., & Lorens J. B., 
(2002). Activation of the PKB/AKT pathway by ICAM2. Immunity, 1, 51-65 

Patent 

1. Toso, a cell-surface specific regulator of Fas-induced apoptosis in T cells 
Stanford Docket S98-019 



